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SUMMARY

The temperature distribution of a two-row radial engine In &
twin-ongine airplane hes besen investigatod in a serios of Flight
taests. The test ongine wes oporated over a wide range of conditions
at density altitudes of 5000 and 20,000 fect; gquantitative results
are preosonted showing theo effocts of flight and enginc variasbles
upon average engine temperaturc end over-all temperature spread,
Digcussions of the effect of the variasbles on the shape of the tem-
perature patterns and on the tempersiure distribution of individual
cylinders are also included. T

The results indicate that, for the tests conducted, the temper-
ature distribution patterns were chiefly determined by the fuel-air
ratio and cooling-air distributions, It was possible to calculate
individual cylinder vemperature, on the assumption of egual power

distribution smong cylinders, to within an average of £14° F of the =

actual temperature. A considerable change occurred in either the
spread or the shape of the tempersature patterns with a variation

in the angle of abttack of the thrust axis, the average engine fuel-
air ratio, the engine speed, the power, or the blowsr ratio. Smaller
offects on the temperature pattern were noticed with a change In )
cowl-flap opening and altitude, In most of the tests, a change in
conditions affected the temperature of the barrels leoss than that of
the heads, The variation of flight and engine variables had a negli-
gible effect on the bompsrabture distributions of the individual
cylinders.
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INTRODUCTION

Flight tests have been conducted by the NACA Cleveland labora-
tory to inwvestigats the cooling characteristics of a two-row radlal
engine in a twin-engine ailrplans., A series of three reports present
the results of the investigation. The first report (reference 1)
pregents a correlstion of the engine-coollng variables and the
application of this correlatlion for the delermiration of general
cooliing performance of the engine installation; the sscond report
presents an analysis of the cocling-air pressure recovery and dis-
tribution witlhin the engine cowling (reference 2). In the present
report a temperature-distribution study is presented for the over-
2ll enginae snd the individual cylinders and the factors that affect
the distributicn are discussed.

The temperaturs distridbution among the cylinders of an elrcraft
engine 18 en important factor that governs 1is performance and cooling
requirements. The engine power ocubtput is fiequently limited by the
meaximum temperature et vhich the hottest ¢yiinder mey operate and
the excessive cooling air or the high fuel-alr ratios required in
msny instsllations becesuss of poor tempesrature distridbution resuls
in high fuel counsumption or in excess cooling drag of the airplane.
In order to obbain more informatlon on the flight and the engine
variables that affect the temrsrature distribution the present study
was understaken. The Fflight varigbles studied are as follows: the
cowl~-flap opening, which partly regulaltes the cooling-air pressure
hehind the engine and the cooling-slr Tlow; the angle of attack ol
the thrust axis, which influences the sbresmline pattern of air flow
into the cowling; and the altitude at which the airplane is flown,
which affects the density end the temperature of the cooling air.
The engine variables studied are average engine fuel-sir ratio,
engine speed, power, =nd blower ratio, any of which may influence
tre distribution of charge and of fuel-ailr ratio t¢ the cylinders.
Many of the variables affect the distridbution of the cooling-air
nressure drop across the engilne, which in turn afTects the tempera-
ture pattern. In this report, however, only the final effect of the
variables on the temperature distrivution will te preaented, the
cooling-air pressure distribution having been discussed in reference 2,

DESCRIPTION OF EQUIPMENT
Airpliene and Engine
The tests were conducted with an airplane (fig. i) powered with

two 18-cylinder double-row radlal air-cooled engines, each having a
normal rating of 15G0 bralke horsepower at 2400 rpm end a teke-off
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rating of 1850 brake horsepower at 2600 rpm. The engines were
equipped with gear-driven single-stage two-speed superchargers having
a low blower retio of 7.6:1 and 3 high blower ratio of 9.45:1. Imn
order to measure the power output of the test engine the conventional
reduction gear of 2:1 ratio was replaced by a torguemeter having the
seme gear ratio. An injection carburetor that was standard for the
engine wag used throughout tho tests. The engine uses an impeller
slinger ring, which injects fuel centrifugelly into the combustion
alr stream at the inlet to the supercharger impeller. (See fig. 2.)
Each engine was eguipped with a four-blade constant-speed.propeller

13% feet in dimmeter and having cuffe and spinner. The engins.cowl-

ings wero of the low-inlet-velocity type with the cowl flap opening
on both sidcs of the lower half of the cowl. (See refercnce 2.)

The fuel used throughout 'bhé"tests conformed to specificetion
AN-F-28.,

Instrumentation

The complete instrumentation. installed in the sirplane is com-~
pletely described in references 1 and 2 and a detalled description
will be given of only the particular instrimentation involved in
obtaining engine-temperature data.

The right engine of the airplene wasg Irstrumented and.tested.
All cylinder temveratures were messured by iron-constantan thermo-
couples and recorded by two automatic-recording potentiomoters.
Three automatlic selector switch-bDoxses were so c¢onnechbed that all
temperatures could be recorded within.3 minutes.

Five thermocouples were attached to esch of the .18 cylinders,
three on the head and two on-the barrel. (See fig. 3.) The thermo-.
couples on the head were located on the rear spal‘k-nlug gasket (T12),
on the rear spark-plug boas (T35), and on the rear of the head between
the two top circumferential fins (T13). The thermocouples on the
barrel were located on the rear middle of the barrel halfway up the
finning (T6) and at the reer of the cylinder flange (Tl4). Thirty
additional thermocouples were located (fig. 4) on front-row cylin-
der 18 end on rear-row cylinder 7; all thermocouples were peered
intc the cylinder to a depth of vne-slxteenth inch except those on
the flaage, which were spot-welded to the surface. These thermo~
couples were added to obtain & survey of the tempsrature distribution
of individual cylinders. The cylinder nuwberlng system used was con-
ventlonal; that is, the cylinders were numbered clockwise wihen viewed
from the rear wita cylinder 1 al the top.
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In eddition to stendard engirne ingtruments the test engine was
provided with means of obtaining values of fuel flow, engine charge-
air flow, cooling-air temperature and pressure, and manlifold pressure.
The angle of attack of the thrust axie was measured by a pendulum-
type inclirometer and the cowl-flan positions were measured by an
slectrical transmitter and indicator. Fuel-air ratios were determined
for the individuel cylinders by means of Oigat analyses of the exhaust
gases. When no exhaust sariples were obteined, the average engine fuel-
air ratio was calculatedl from the fuel flow and the charge-air flow
(reference 1), Continuous records of alrspeed, altitude, engine speod,
and. torque were obtalined by the use of standard NACA recording
ingtrurcents.

All tooling-8ir pressures were recorded either by means of an
NACA 30-cell recording manometer or by & multiple-tube liquid-manometer
board that was photographed during flight,

TESTS AND PROCEDURE

The data were obtained from flights in which the effect of any
one varlable on the temperature pattern could be isolated. Tosta
were conducted at density altitudes of 5000 and 20,000 feel, 800 to
high and low blower ratio. During the tests, all of which were made
at level Tflight, the cowl-flap opening, the airespeed, tihe angle of
attack of the thrust axis, and the fuel-air ratia vere varied inde-
pendently, which sometimes necessitated loworing the ianding flaps
arid the landing gear. Although 1t was imposaible to maintein precisely
the deslired conditions at all times, the varlations that occurred
were slight. Conditions were set; held constant for.approximately
4 minutes to allow for stabilization, and then all measurements were
recorded., i

The temparature distrivution aemong cylinders was dstermined by
using thermocouple T13 at the rear of the head between the two top
circumferential find for the hesds sud thermocouple T6 at tke rear
middle of the barrel for the barrels. Theirmocouple T1l3 gave temper-
ature readinge that were prowortional to the average head tempera-
ture T}, that was determined from the average tewperature of 21 head
thermocouples (fig. 4), The relation of T13 and Ty, is presented in
figurs 5 for cylinders 7 and 18 for altitudes of- 5000 and 20,000 feet,

In oirder to show the variation in temperature distribution with
operating conditlions, the temperatures T13 and T6 were plotted for
the various cylinders. Because of the difference In the averare
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cylinder temperature of the front and the rear rows, they were plotted
genarately to mske the trend resulting from a change of one of the
variables more evident., The omlgsion of any point on the distribubtion
curves indicates a thermocouple fallure. The temperature readings of
the head on cylinder 1C and of the barrel on cylinder 18 were unrell-
able throughout most- of the tests, : :

All temperatures were corrected by the method glven in refer-
ence 3 for the differencs between the free-alr temperature and the
Army summer air for the nominal altitude at which the flights were

made, —

RESULTS AND DICCUSSION T
General Characteristics of Temperature Patterns and Correlation
with Fuel-Air Retlo and Pressure-Drop Distribution

Before the effects of various flight and engine variables unon
temperature distribution are deteimined, same general characteristics
of the patterns will be noted and the chlef factors contributing to the
patteins discussed. For the average of all tests the temperature
gpread between the hottest and the coldest cylinder heads of the
entire engine was 101° ¥, wkereas the corresponding spread for the
barrels was approximately helf as greabt. The avefage temperaturs
spread of the rear row was conslderaply less than that of the front
row for both the heads and the barrels and the front-row cylinders
were appreciebly hotter than those of the rear raw, Although some
variables had a definite effect on the temusrature nattern, the
general ghape of the patterm of sach row romained substantially
the same throughout the tests. Cylinder head 18 was predominately
the hottost for all tests, whereas no particular barrel was con-
glstently hot.

In order to investigate the extent to which individual cylinder
fuel-air ratio and pressure drop contirol cylinder temperature, the
distribution of these variables, togetvher wlth actual and computed
head temperatures, 1s plotted in figure 6. The pressure drops shown
wore neasured by total-head tubes at the bafile entrance and static-
pressure tubes located on a rals behind each cylinder (reerence 2).
The computed heed temperaturss were obtalned by use of the cooling-
correlation equation presented in relersnce 1; the values of pressure
drop were modified according Lo the relation bpetween the pregsure-
drop method used herein and the metiiod on which tke correlation
equation is based (reference 2).: The charge weight to cach cylinder
was agsumed to be equel because no method was avallable for
determining the charge distribution. Fairly good agreement exiets
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between the actuzl and calculated temperatures; the averasge difference
for the individual cylinders was 14° F and the difference between the
average of the patterns only 3° F. This agreement indicates that, at
the conéltions tested, the characteristics of the temperature patterns
sre determined chiefly by fuoel-alr ratio and cooling-air distribution
rather than from charge distribution or some other unaccouanted-for
varigble and that the maldistribution of .temperature could be larzely
overcome by obtaining even dlstributions of fuel-alr ratio and cooling
air.

The compubted velues of Lead temperaiure are ususlly somevhat
higher than the actual value for the rear row and lowor for the front
row (fig. €). This difference can probably be explained by the
digtribution of nower between the two rows. TUnpublished data on a
gimilar—engine showed that the front row developed approximatcly
53 percent of the total engine power, whéreas the rear row developed
47 vercent. If a simiiar.digtribution is assumed for the present
tests, the agreement between the actual ard computed temperatures
for individual cylinders is in the order of 10° F in contraet to the
value of 14% F obtained when tae unever: dist:ibution of power was
not considered.

Effect of Flight Varisbles on Temperature Pettern

Cowl-flap opening. - The effect of cowl-flap opening on temper-
ature distribution is shown in figuree 7 and 8 for demsity altitudes
of 5000 and 20,000 feet, respectively. Little change was observed
in the general shape of tiie temperature patterns for either altitude
when the cowl-flap positionsa were changed from closed to full open
althougzh 1n all cases the temperatura of the bottom cylinders
decreased slightly more than the btop cj linders, esvecially at
2C,000 Teel:. This decrease 1in temperature indlcates that the cowl
flaps, which extend only around the lower half of the cowling, ere
wore effective in cooling the bottom cylirders than the top cylinders.
Although this effect on tempersture is small, it-is of approximately
the magnitude that would he expected from tha ctange in pressure
dletribution showm in reference 2.

The average temperature reduction far the entire englne that
resulted from opening the cowl flaps wes approximatelv 30° F at
5060 foet and 20° F at 20,000 feet.

Angle of attack of the thrust axls. - A varlation of tie angle
of attack of the thrust axis over a wide Yange has a declded effect
on the temperature distribution, as shown In figure 9. Although an
increase in angle of attack Tfrom 1.6° to 3.2° showed only little

Sl
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change a further increase to 6.6° greatly increased the temperatures
of the top cylinders and the temnerature spread of both the heads
and the barrels, particularly on the front row. The greater spread
at the high angle of attack ig due to increassed spillage of cooling
air over the top section of the cowiing, resulting in low pressures
in front of the top cylinders (reference 2) and reduced cooling-air
fiows to these cylinders., The general effect ls an incresse in the
temnerature of the top cylindsrs. The splllege of cocling sir was
verified by the action of tufts that were placed around the cowling
ard photographed in flight. - :

The large diffsrence beitween the temperature level of the pat-
terng in figure 9 i1s caused by the fact that two of the flighte
were made at an impact pressure of $S2.0 inches of water and the third
flight at 12.0 inches of water.

Altitude. -~ Comperisons of temperature patterns obtained at
density altitudes of 57GC and 20,000 feet are preserted in figure 10.
All engine conditions were held comstant except maniiold presswre,
which was Gecreased slightly at 20,000 fest in order to maintain
constant brake horsepower. Tre uenneratures of each pattern bave
been corrected to standerd Army summer air for the altitude at wiich
the tegte were made. - =

The change of altitude from 5300 to 20,000 feet resulted in no
appreciable change in either the temperature patterns or the average
temperature of the heads or barrels. It is to be emphasized, however,
that this very small chenge in aversge temvwerature is for only one
snecific set of opoerating condlitions and may not be irdicetive of
the varistion in engine temperature with altitude at all operating
conditions.

Effect of Engine Variables on Temperature Patterns

The effocts of engine variables on temperature pattern that are
discussed herein mey not be applicable to all types of air-cooled
engires; they should be ropresentative, however, of enginss similar
to the test engine and using the same metlod of introducing fusl to
the -engine, that is, by means of an impeller slinBor Ting (fig. 2).

ing the tosts mado at varying fuel-asir ratio, ongine speed, and
blower ratio, it was nocessary to var; tho throttle angle slightly;
bocause this variation never oxcecedod SO or one-gixteenth of the
entire throttle angle, the temmerature patiterms should not be
appreciably affected as can be determired from flgure 13 of refer-
encs 4.
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Fugl-air ratio. - The temperature patterms for the heads and
the barrels at various average engine fuel-air ratios from 0.059 to
0.1C4 are campared in figure 11l. The temperature distribution
remains practically the same for the three highest values of fuel-
air retio, but at 0.059 the pattern changes noticeably. When the
average fuel-air ratic ls decrecsed from 0.104 to 0.083, all the
cylinder-head temperatures riee but, as it is further decressed to
0.055, seven of the cyliaders show a drop in temperature. Because
cylinder temperatures decrease when fuel-air ratios are decreased
below a value of approximately 0.067, the cylinders tiat beceme
colder wore tre leanest ones; the other cylinders did not become
sufficiently lean to drop in temperature. The patterns of the
barrels show characteristice simwilar to those of the heads but not—
g0 pronounced. When the average englne fuei-air ratioc was reduced
Trom 0.104 to G.059, the spread between the temperatures of tue
hottest and the coldest cylinder heads increased 23° F.

Engine speed. - A chenge in engine speed from 1800 to 2600 rmy
while other conditions wers held constant is shown by figure 12 to
hove caused a conslderable inoreese in the spreed of the tenperature
patterns although the characterisiic shape of the patterns remained
similar, The increase in engine gpeed resgulted in a rise of 30° F
in the average head and barrel tewperatures and a much greater rise
in the hottest head temperature. Incressed temperatures are %o be
expocied, however, because a change in englne sveed, when other con~
ditions are held constant, will cause sn iacrease of spnroximately
200 indicated horsepower as shown by engine-performance curves, The
observed increase of 30° F in average cylinder temperature agrees
very closely with the calculated irncrease vased on the cooling corre-~
lation equation gilven in reference 1, '

Brake horscpower. - Figure 13 shows the effect of changes in
tralte horsepower on head and barrcl temperature distribution. Similar
patterns are observed for the heads at 800 and 1000 horsepower,
whereas tue patterns show a noticesble variation between 1250 and
1500 horsepower. The greater vpart of thisg difference probably results
from variations in the mixture distriduticm thet were caused by the
changes of power and of throttle setting.

The temperature spread between the hottest and the cpldest
cylinder heads remained essentially unchanged for 800, 1000, and
125C braie horsepower but decreased scmewhat at 150Q horsepower,
The general shape and spread of the barrel patterns did not change
significantly at any of the four power condltions. The tompersturoe
levels. incressed progressively as the power was increszsed although
they may have boen slightly aficcted due to the small variations of
impact pressure. ’
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Blower ratio. - The cylinder temperature patterms with the engine
in high and low blower ratios are compared in figure 1l4. The pattern
of the head temperature veried considerably, probably owing to a
change in frel-air-ratio distribution effected by change in blower
ratio (reference 4), whereas the barrel temperature patitern showed
only a slight variation. When the engine was operated in high blower
ratio, the average temperature was slightly higher for the heads
and the barrels than when in low blower ratio owing to the increase
in temperature rise across the. supercharger and the increase in
indicated horsepower. The change from low to high blower ratio had
only a slight effect on the over-all spreed of the head and the
barrel temperatures. '

Temperature Distribution of Individual Cylinders

A study was made of the temperature distribution of front-row
cylinder 18 and rear-row cylinder 7 and of the effect of flight and
engine variables upon the distribution. It was noted that none of
the variables had an appreciable effect on the temperature dlstri-
bution of the two cylinders and therefore only a comparison of the
distribution at two widely different operating conditions 1s presented.
All temperatures measured on cylinders 7 and 18 at thesa two con-
ditlons are listed in table I.

The longitudinal temperature distribution of cylinders 18 and 7
giving temmeratures on two planes 90° apart through the center of the
cylinder are shown in figure 15. Both oporating conditions result in
temperature-distribution patterns that are consistent in shape and
similar for both cylinders. The high-power run rosulted in lower
cylinder temperature than the low-power run because of the rich fuel~
air ratia, the open cowl flaps, and the high impact pressure. TFor
both conditions and for both cylinders the temperatures increase
progressively from the middle barrel upward toward the top of the
cylinder and downward to the oylinder flange. The temperatures
increase progressively directly across the top of the head from the
intake to the exhaust side of the cylinder. Likewise, the toempere-
tures increase from the top centor of the head rearwardly to the
spark-plug boss.

A comparison of the circumferontial cylinder temperaturc distri-
bution as indicated by temperatures from thermocouplos evenly spaced
around the head and tho barrel for the two opereting conditions is o B
shovm in figure 16. In all cases the temperature distribution is
qulte consistent for both operating conditions although the shape of
the patterns is someowhat different foxr the two cylindors. The highest
tomperatures are at the rear of the cylinder belng epproximately
50° F hotter than the front for the heads and 35° F and 75° F hottor
for the barrels of cylinders 18 and 7, vospoctively. The greater
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temperature differentiel that exists between the front and rear of
cylinder 7 is probably caused by the fact that the pressure drop
across the rear row is appreclably higher than that across the front
row, as discussed in reference 2,

SUMMARY OF RESULTS

From flight tests of & two-row radlal engine enclosed in a
low-inlet-velocity cowling, tho following results were obtained:

1. When individual cylinder temperatures were calculatwd on' the
basis of known fuel-alr ratio and pressure drop end on the assumption
that power distribution was eogqual among the cylinders, the calculated
values were, on the average, within #14° F of the actual tempersturcs;
this close agrecment indicates that for the conditions at which the
tests were conducted the engine temperature distributlon was determinod
chiefly By fuel-alr ratio and cooling-alr distribution.

2. Changing the cowl flaps from full open to the closed position
caused only small changesg in the shape of the temporature pattorns for
density altitudes of 5000 and 20,000 foet.

3. Varying the angle of attack of the thrust axls from 1.6° to
6.6° increased the temperature spread for both the hoads and tho
barrels, especially on the front-row cylindors.

4. An incresse in density altitude from 5000 to 20,000 feet had
no apprecisble sffect on the shape of the temperature patterns.

5. Tho spread or the shape of tho tompesrature pattern changed
considerably with a varlation of the averege engine fuel-air ratio,
tho onglns speed, theo power, or the blower ratioc.
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6. The variation of Fflight and engine variables had a negliglble
effect on the tempersture distribuviion of individual cylinders.

Atlrcreft Engine Research Laboratory,
National Advisory Committee for Aeronasutics,
Cleveland, Chio, January 17, 19486.
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TABLE I - TEMPERATURE SURVEY OF A FRONT- AND A REAR-ROW CYLINDER

Temperature, °F
Thermocouple Run 12 Run 2P
designation [Front-row Rear=-row Front-row ear-row
cylinder 18|cylinder 7|cylinder 1l8|cylinder 7
Tl 292 263 300 273
T2 224 181 211 174
T3 230 202 223 lg2
T4 244 220 233 203
T8 250 245 230 226
T6 263 266 245 245
T7 225 236 200 223
T8 246 218 227 205
T9 231 194 223 191
T10 264 230 255 223
Til 258 226 238 214
T12 386 340 343 305
T13 412 350 374 311
Tl4 291 272 290 275
T1S 322 270 296 262
T1l6 311 274 287 254
T17 323 254 293 220
Tl8 330 295 296. 264
T19 373 329 343 303
T20 343 307 308 277
T21 317 262 283 237
T22 300 256 274 231
723 330 296 301 263
T24 322 270 287 255
725 364 318 326 287
T26 218 215 184 182
T27 349 281 318 261
T28 350 280 313 251
T29 455 384 414 343
T30 387 335 355 299
731 (e) (c) (c) (c)
T332 431 319 405 288
733 400 337 363 301
T34 356 305 325 278
T35 425 358 286 318

aprake horsepo

altitude, 5000 feet;

wer, 820; engine speed, 2030 rpm; density

cowl flaps closed; low blower ratio;

fuel-air ratio, 0.077; impact pressure, 18,9 inches of
water; angle of attack of thrust axis, 5°.

bprake horsepower, 1545; engline speed, 2415 rpm; density
altitude, 5000 feet; cowl flaps open; low blower ratio;
fuel~air ratio, 0.lll; impact pressure, 29.0 inches of
water; angle of attack of thrust axis, 2°.

NATIONAL ADRVISORY

CPaulty thermocouple.

COMMITTEE FOR AERONAUTICS



NACA TN No. 1147 Fig.

\
|

e —

oS FTYEY L R

...||Ih....1._!._.|.
o EEE T S, e T e b

l. — Three—~quarter front view of test airplane.

Figure



Fig.

1147

NACA TN No.

Feel-transfer pipe

Metered fuel from
carburetor

Turning vanes

Slinger ring

Iimpeller

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

9

. -~ Schematic diagram showing method of introducin

to test engine.

Figure 2

fuel



”
-

' ﬁ) |
& Ti4

Figure 3. - Rear view of front and rear cylimders showing thermocouple locations,

Ts

NACA TN No.

NATIONAL ADYISORY

COMMITTEE FOR AERONAUTICS

Tis

1147

rd



T%

\., '
|_T At 1,
I —_————r -
i3 d T AT T
r | || ]‘Il ] ‘:' y
] i i ) T
! | BRI
! \ FRONT vIEN B IEN R

la) Front-row cylinder

Figure 4. - Locatlion of cylinder thermocouples.

8.

REAR VIEW

NACA
C. 14140
1«21.46
;

*ON NL VOVN

Lyl

*Bid

e




Figure

4.

FROAT wIEW

-~ Concluded,

TOP VIEW S
LG o
R H al :
Wi
i il T , N
N : . .ﬁ& il 13 1 r HEAR VIEW
NACA
Cc. 14130
1-21-46

{b) Rear-row cylinder 7.

Location of cylinder thermocouples.

*ON NL VOIOVN

Lyl

*61d

av



NACA TN No. 1147 Fig. 5

440
NATIONAL ADV1SORY
5000 feet COMMITTEE FOR AERONAUTICS
(@] Cylinder 7
a Cylincer I8
400 20,000 feet 54
$ cCylinder 7 /
s A Cylinder I8 /A
l_.:
< 360
-]
|
2
-
4 7Y
®
[-%
]
: 320
[
2 qeCo
[ ]
(.3
8
(1]
2 280
10
o3 |
240

280 320 360 400 440 480
Temperature of cylinder head, TiI3, °F

Figure 5. - variation of average head temperature of cylinders 7 and !8 with
cylinder head temperature as measured by thermocouplie Ti3.



Head temperatures

-g 5 b (°F)
(4 - (o} Actual 380 (av.) \
2% 4 o Computed 379 (av.)
0 t
s b i\ N
rc \ )
15 1 =
‘5 -3
g I
440 4
. f fﬂ )
¢ 420
: ANE
g 400 ( g / \[K
8¢ a0 i \ \ :
T a
e2 360
c" g/ Y k (
s 3 \
> 32 a:
N y:
. non / -
E_g.osaf \c f \(
R* —
S *.08— ™ )\fﬁ n
w NATIONAL ADVISORY
o7 COMMITTEE FOR AERONAUTICS

2 4 6

8 0 12 14
Cylinders, front row

16 18 ! 3 5 7 9 no13 15 n
Cylinders, rear row

{a) Brake norsepower, 800; cowl flaps closed; average engine fusi-alr ratio, 0.082; impact
pressure, 16.6 inches of water; angle of attack of thrust axis, %9,

Figure 6. - Comparison of actual and calculated nluﬁs of head temperature at Fooo—foot density altitude;
engine speed, 2400 rpm; iow biower ratio.

614

eg

*ON N1 VOIOVUN

Lyl




(b)

AL
COMITTEE Fon

MAT 10N, ADV§ soRy

Brake horsepower,
Pressura, 219 Inche

000; ;oui flaps

5 of watar;

O Actyny 318 lav,)
(] Compytaq 316 (ay. )

oPan; averag

Heag tempery tures

{9k

9
CJ“I'IdII"S, rea
¢ englng Tuwl—gj, ratio

Mgle of attack of thryst axis, 390

d Calculateg valueg o¢

1
r row
> 0.101; impact

Fpo; o blowe, ratio,

ON N1 YIovN

Lvl}

06!5

Qg



.ﬁl_:'

2%

. L Head tﬂprg::um \

: ] AN i \

s i B \
HENARS &1/ N
;--_g' E ¢ % N

P,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

&

¥ 0§
!
{

5}/ \ f{ 4 AN ;/ h

f\\%r—:jf, r'_( \)

Cyl Inder head temperature,
T13, OF

y %
JIEIRNY
~

P~ \ » c’\o--c:\{o | y:,

| 5
?,—‘f ®©
Z
'|02468I0I2I4I6m t 3 5 7T 9 11 13 15 1?7
Cylinders, front row Cyliinders, rear row

(c) Brake horsepower, 1500; cowl (laps closed; average engine fuel-air ratio, 0.112; lspact
pressure, 33.0 inches of vater; angle of attack of thrust axls, 2°,
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Flgure 7. - Concluded, Effect of cowl-flap position on tem-—
perature distribution at density aititude of 5000 feet.
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Flgure 9, -~ Effect of anglie of attack of thrust axis on temperature
distribution. Brake horsepower, 1000; englne speed, 2400 rpm;
density altitude, 5000 feet; cowl flaps closed; low blowar ratio;
average engine fuel-air ratio, 0.10t,
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